Abstract-A thermionic energy converter (TEC) is a static device that converts heat directly into electricity by boiling electrons from a hot emitter surface across a small inter electrode gap to a cooler collector surface. The main challenge in TECs is overcoming the space charge limit, which limits the amount of current that can transmit across a gap of a given voltage and width. In this preliminary work, it is found that the OOPD1 simulation results is in good agreement with analytical results.
INTRODUCTION
Thermionic energy converter (TEC) is a static device that converts heat directly into electricity by boiling electrons from a hot emitter surface across a small interelectrode gap to a cooler collector surface. TEC has been explored for many years and practical systems have been developed and applied in the space and nuclear plant, etc. TEC is based on the energy model that a high work function cathode absorbing a heat source will emit electrons. These electrons are absorbed by a cold, low work function anode, and they can flow back to the cathode through an external load, as shown in Fig. 1 . TEC has many attractive properties, including high reliability; low weight; and, because they are direct thermalelectric conversion, no losses are associated with working fluid or mechanical parts. In the theory of Carnot heat engine [1, 2] , TEC is capable of achieving high efficiency at high temperature, usually the temperature of the electrode is higher than 1000 K. The factors that limit the efficiency of energy transfer in TECs include: (1) space charge effect limits the flow of electrons; (2) radiation heat transfers between the cathode and the diode; (3) thermal energy losses to the environment. The main challenges in TECs is overcoming the space charge limitation, which limits the amount of current that can flow across a gap of a given voltage and width.
Some researchers had investigated the performance of TEC using the theory of finite-time thermodynamics. Wu [3] performed the finite-time thermodynamics analysis of a solar powered thermionic energy conversion system and studied the characteristics of the system at maximum power operation regime. However, the finite-time analysis needs a lot of computing resources for getting the precision behaviors of the electrons and the system. For analyzing TEC performance more precisely and using less computing resource, we describe the development, verification, and ongoing extension of a onedimensional model for TECs using a bounded finite-difference time-domain particle-in-cell plasma simulation code, OOPD1 developed by PTSG, UC Berkeley [4] . Detail numerical model, analysis and comparisons will be presented. 
Here, ± is determined by the positive and negative of "x-x m ". This integral can use the Standard Quadratic Method to get the numerical solution [5] . 
IV. CONCLUSION
We have studied the feasibility of simulating a thermionic energy converter using a bounded finite-difference timedomain particle-in-cell plasma simulation code, OOPD1. The general expressions for TEC behaviors are revisited. Through the preliminary numerical results, it is found that: (1) the simulation results of the OOPD1 TEC model is in good agreement with the analytical predictions; (2) the maximum transmitted current through a TEC limited by space charge limit can be seen. Over the limit, a virtual cathode is formed. These preliminary results encourage us to use particle-in-cell simlations for the optimal design and study of practical thermionic energy converters.
